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Description 

[0001] This invention relates to the deposition of multilayer thin films using chemical vapor deposition processing. 
More particularly, this invention relates to a process for depositing sequential layers of different thin films in the same 
5 processing chamber 

[0002] In the manufacture of liquid crystal cells, two glass plates are joined together with a layer of a liquid crystal 
material sandwiched between them. The glass substrates have conductive films thereon (at least one must be trans- 
parent, such as an ITO film) that can be connected to a source of power to change the orientation of the liquid crystal 
material. Various areas of the liquid crystal cell can be accessed by proper patterning of the conductive films. More 
10 recently, thin film transistors have been used to separately address areas of the liquid crystal cell at fast rates. Such 
liquid crystal cells are useful for active matrix displays such as TV and computer monitors. 

[0003] As the requirements for resolution of liquid crystal monitors has increased, it has become desirable to sepa- 
rately address a plurality of areas of the liquid crystal cell, called pixels. Since up to about 1 ,000,000 pixels are present 
in modern displays, at least the same number of transistors must be formed on the glass plates so that each pixel can 

15 be separately addressed. 

[0004] Different types of thin film transistors are in current use but most require deposition of a gate dielectric layer 
over a patterned gate metal with an amorphous silicon layer thereover. Metat contacts are deposited thereafter over 
the amorphous silicon film, which also can have a thin layer of doped silicon thereover to improve contact between the 
amorphous silicon and the overlying metal contacts. A nitride layer can also be deposited over the amorphous silicon 

20 layer as an etch stop. 

[0005] It is known how to deposit amorphous silicon and silicon nitride layers by glow discharge or a plasma type 
process. However, the rate of deposition of CVD films is quite low, e.g., about 10-30 nm (100-300 angstroms) per 
minute. Since films up to about 500 nm (5000 angstroms) thick are required for the manufacture of thin film transistors, 
comparatively lengthy deposition times are thus required which increases the cost of making these films. It would be 

25 desirable to improve the deposition rate of CVD films to reduce costs. 

[0006] Because of the large size and weight of glass substrates which are for example about 350 x 450 x 1 . 1 mm in 
size, generally large reaction chambers are required for deposition of thin films thereon, and large and often slow 
transfer equ ipment is needed to transfer the substrates from one reaction chamber to another for sequential deposition 
of these thin films. The transfer of substrates requires some amount of time and reduces the throughput of the system. 

30 Further the transfer is generally accompanied by a drop in substrate temperature; thus the substrate has to be reheated 
up to deposition temperature after such transfer, again adding to the time required for deposition. In addition, the danger 
of contamination of the deposited film during transfer from one chamber to another is always present. 
[0007] Thus it would be highly desirable to be able to deposit more than one film sequentially in the same reaction 
chamber in an efficient way, thus eliminating one or more transfer steps, with the disadvantages enumerated above, 

35 but without sacrificing the quality of the films or their deposition rate. 

[0008] We have found that a plurality of consecutive films useful for making thin film transistors can be sequentially 
deposited in the same reaction chamber under certain conditions of temperature and pressure. This process eliminates 
one or more transfers of the large glass substrates between reaction chambers. For one type of transistor it is possible 
to deposit the gate dielectric silicon nitride and the active amorphous silicon films in the same chamber. For another 

40 type of transistor it is possible to deposit the gate dielectric silicon nitride, the active amorphous silicon and a second 
silicon nitride in the same chamber. For other transistor designs other combinations of films may be needed, and these 
films may also be deposited in the same chamber. Further, we have found that the deposition rates are improved over 
prior art processes, thus doubly improving the efficiency of the present process. 

[0009] EP-A-0 476 701 and the publication Electronics and Communications in Japan, 73(1 990) August, No. 8, Part 
45 ||, New York, relate to thin-film transistors. US-A-5 075 244 relates to a method of manufacturing an image sensor with 
thin film transistor switching elements. EP-A-0 419 160 relates to amorphous silicon semiconducting devices, such as 
thin-film field-affect transistors. 

[001 0] Accordingly, in a first aspect the present invention provides a method of making thin film transistors comprising 
the steps of: 

so 

(i) depositing a gate dielectric layer over a patterned gate layer on a substrate; 

(ii) depositing an amorphous silicon thin film thereover, 

wherein both deposition steps are performed in the same chemical vapour deposition chamber having a close 
55 spacing between the gas inlet manifold and the substrate, and wherein the substrate temperature for each deposition 
step is from about 270 to 350°C and the pressure in the said chamber for each deposition step is between about 106.6 
to 266.7 pa (0.8 to 2.0 Torr). 

[0011] In a second aspect the present invention provides a chemical vapour deposition process comprising the fol- 



2 



EP 0 608 633 B1 



lowing steps: 

(i) depositing a gate dielectric silicon nitride film from a precursor gas including silane and ammonia onto a substrate 
at a temperature of from about 270 to 350°C and a pressure of between about 106.6 to 266.7 pa (0.8 to 2.0 Torr) 

5 in a vacuum chamber having a close spacing between the gas inlet manifold and the substrate; and 

(ii) sequentially depositing an amorphous silicon film from a precursor gas including silane thereover under similar 
reaction conditions in the same vacuum chamber. 

Fig. 1 is a cross-sectional view of a CVD reactor useful for deposition of sequential thin films on large glass sub- 
10 st rates; 

Fig. 2 is a plan view of a vacuum system for processing glass substrates including the CVD reactor of Fig. 1 . 

[0012] Details of deposition of certain thin films are described in our US Patent Application Nos 08/01 0,109 filed 28th 

15 January 1993 and 08/010,118 filed 28th January 1993. 

[0013] We have found that we can deposit sequential films in the same chamber over large glass substrates having 
preformed gate metal areas deposited thereon. The entire process of forming transistors on large glass substrates 
comprises many steps including the deposition steps described in the above referenced copending applications. These 
deposition processes have high deposition rates. The other steps involve the stabilization or transition of conditions in 

20 the chamber. The steps between sequential depositions are important for the interface between the sequential layers. 
Because the steps performed between depositions are all carried out within the same vacuum chamber, this process 
leads to improved control of the interface properties obtained using prior art deposition systems. 
[0014] US Patent 4,892,753 to Wang et al describes a plasma enhanced CVD reactor having features suitable for 
carrying out the present CVD processes. Although the reactor of this reference is described in terms of processing 

25 semiconductor wafers, suitable adjustments of size will accommodate the present large glass substrates. 
[0015] The reactor useful herein will be further described with reference to Fig. 1 . 

[0016] Fig. 1 is a cross sectional view of a vacuum chamber 10, typically made of aluminum, that has a reaction 
region 12. A substrate 14 is supported on a suitable support or susceptor 16 that can be heated, as by a resistive 
heater embedded in the susceptor. Above the substrate 14 is a gas manifold plate 18 which supplies the precursor 

30 reaction gases, carrier gases and purge gases from a gas inlet 1 9 to the reaction region 1 2. The spacing -d- between 
the substrate 14 and the gas manifold 18 is adjustable. Because this spacing can be adjusted, along with the other 
adjustable process conditions of pressure, power, gas flows and temperature, it is possible to achieve certain film 
properties and film property uniformity across the large area of the substrates while achieving high deposition rates. 
The spacing between the substrate 14 and the gas manifold plate 18 in a chamber such as is disclosed in Vteng et al 

35 is typically about 25.4 mm (one inch). An elevator assembly 40 allows the substrate support 1 6 to be raised and lowered 
with respect to the gas manifold plate 18. 

[0017] The elevator assembly 40 has a dual function. When a substrate 14 is transferred into the chamber 10 by 
means of a substrate support arm 20 operated by a robot in an adjacent chamber (not shown), the position of the 
substrate 1 4 in the chamber initially is shown by the dotted line 1 4A. At that time the lift pins 41 are raised to support 
40 the substrate while the support arm 20 is retracted from the chamber. The elevator assembly 40 then raises the sus- 
ceptor 16 and the substrate 14 to its processing position. A closable opening 30 is opened to allow entry and exit of 
the substrate 14 by the robot support arm 20. During processing, the closable opening 30 is closed by means of a 
piston driven slit valve 32. 

[0018] The gas manifold plate 1 8 is a plate having a plurality of openings therethrough uniformly distributed over the 
45 plate 18. A typical manifold plate 18 useful herein has about 10,000 openings in the plate which is about the same size 
as the substrate 14. 

[001 9] The gas manifold plate 1 8 is part of a gas distribution system that flows the process gases across the substrate 
14 and radially outwardly to the edges of the substrate and beyond, where they are removed by evacuation channel 
22 connected to an exhaust port (not shown). A shield or shadowframe 24 prevents deposition onto the edges of the 
50 substrate 14. 

[0020] The temperature of the gas manifold 1 8 is regulated so as to minimize deposition of the solid products of the 
reaction onto the gas manifold 18. 

[0021] An RF power supply and matching network (not shown) create and sustain a plasma of the process gases 
from the precursor gases in the reaction region 12. Preferably high frequency RF power of 13.56 MHz is employed, 
55 but this is not critical and lower frequencies can be used. Further, the gas manifold plate 18 is RF driven, while the 
susceptor or substrate support 1 6 is grounded. Suitably the walls of the chamber are covered with a protective ceramic 
material. This design allows a high degree of plasma confinement between the gas manifold 18 and the support 16, 
thereby increasing the concentration of reactive species and the deposition rate of the subject thin films. 
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[0022] By maintaining the spacing -d- between the gas manifold plate and the substrate relatively small, the chamber 
itself can be made smaller and the deposition processes are more controllable; further, the small volume of the reaction 
region 12 allows rapid changes of gas components in the reaction region 12 and reactant gases and by-product gases 
from a first deposition can be rapidly removed and replaced for a subsequent one or more depositions. 

5 [0023] Gate dielectric silicon nitride films must be of high quality to be useful in forming thin film transistors on glass 
substrates. In accordance with the process of the invention, such high quality silicon nitride films can be made at 
deposition rates of up to 200-300 nm/min (2000-3000 angstroms/min), which was highly unexpected. These rates are 
achievable by maintaining the pressure in the CVD chamber at between about 106.6 to 266.7 pa (0.8 to 2.0 Torr), and 
the temperature of the substrate at preferably about 300-350° C during deposition. In addition precursor gas flow rates 

10 are regulated to maintain adequate reaction gas levels. Suitably silane (100 - 300 seem) and ammonia (500 - 1000 
seem) are employed in a carrier gas of nitrogen (1000 - 10,000 seem) to deposit silicon nitride films. 
[0024] In similar manner, amorphous silicon thin films are deposited over the gate dielectric silicon nitride film using 
silane as the precursor gas (100 - 1200 seem) in a hydrogen carrier gas (1000 - 3000 seem). Unexpectedly, we have 
found that amorphous silicon thin films can be deposited at rapid rates, uniformly over the silicon nitride layer, using 

is the same temperature as for the silicon nitride films. Thus by merely changing the gases, power, spacing and pressure, 
sequential thin films of silicon nitride and amorphous silicon can be deposited onto large glass substrates in the same 
reaction chamber, and at high deposition rates. In general the thickness of amorphous silicon films for thin film transistor 
applications will vary from about 30 to 300 nm (300-3000 angstroms). 

[0025] The temperature of the glass plates must be high enough to form high quality films but must be maintained 
20 below about 450°C when the large glass substrates may warp. In the present invention a deposition temperature of 
from about 270-350°C is maintained during deposition. 

[0026] The present invention will be further illustrated in the following examples, but the invention is not to be limited 
to the details described therein. 

25 Example 1 

[0027] Glass substrates 360 x 450 x 1 . 1 mm thick having a preselected pattern of gate metal pads deposited thereon 
in an array and having a layer of silicon oxide about 250 nm (2500 angstroms) thick thereover was brought under 
vacuum and into a CVD chamber. The substrate was then heated to 330°C under flowing nitrogen and then sequential 
30 deposition of silicon nitride and amorphous silicon thin films carried out under the following conditions: 



For Silicon Nitride Deposition 


SiH 4 


1 1 0 seem 


NH 3 


550 seem 


N 2 


3900 seem 


Power 


600 Watts 


Pressure 


160.0 pa (1.2 Torr) 


Spacing 


25.4 mm (1000 mils) 


Susceptor Temperature 


397°C 


Substrate Temperature 


340°C 



[0028] The rate of deposition was 93 nm/min (930 angstroms/min) and a layer about 50 nm (500 angstroms) thick 
was deposited (in about 32 seconds). 

[0029] This layer had a refractive index of 1.91, a compressive stress of -49 kN/cm 2 (-4.9x1 0 9 dynes/cm 2 ), a wet 
etch rate of 36 nm/min (360 Angstroms/min) in 6:1 buffered HF solution, and a root mean squared surface roughness 
of 1 .1 nm, all of which are indicative that a good quality gate dielectric silicon nitride was deposited. 
[0030] After a 30 second purge with nitrogen, a second layer, this time of amorphous silicon, was deposited over the 
silicon nitride layer using the same manifold-substrate spacing under the following conditions: 



For Amorphous Silicon Deposition 


SiH 4 


275 seem 


H 2 


1 550 seem 


Power 


300 Watts 


Pressure 


160.0 pa (1.2 Torr) 


Susceptor Temperature 


397°C 
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(continued) 



For Amorphous Silicon Deposition 



Substrate Temperature 



320°C* 



* Although the susceptor temperature and the pressure remained the same, the temperature of the substrate was slightly lower because hydrogen 
is a better heat transfer medium. 



10 



15 



[0031] The amorphous silicon deposition rate was 94.4 nm/min (944 angstroms/min) and the film was deposited to 
a thickness of 300 nm (3000 angstroms). The stress in this film was measured to be -69 kN/cm 2 (-6.9 x 10 9 dynes/ 
cm 2 ). The SiH peak position was 2000 cm" 1 and the peak width was <120 cm' 1 . 

[0032] The above films were formed into finished transistor devices and tested. The devices had satisfactory device 
characteristics, including threshold voltage, mobility and leakage current in the off mode, comparable to devices made 
on prior art deposition equipment. 

[0033] Thus sequential deposition of high quality films of silicon nitride gate dielectric and amorphous silicon was 
carried out in the same chamber, at high deposition rates, and at the same susceptor temperature. 



Example 2 

[0034] Silicon nitride and amorphous silicon films were deposited following the procedure of Example 1 , except for 
the change in the silicon nitride deposition conditions: 



SiH 4 


1 1 0 seem 


NH 3 


550 seem 


Nitrogen 


3700 seem 


Power 


600 Watts 


Pressure 


106.6 pa (0.8 Torr) 


Spacing 


25.4 mm (1000 mils) 


Susceptor Temperature 


397°C 


Substrate Temperature 


330°C* 



30 



40 



45 



50 



55 



susceptor to the substrate. 

[0035] The silicon nitride film deposited under the above conditions was judged to be of good quality. 

[0036] After a 30 second purge with nitrogen, a second layer of amorphous silicon was deposited under the same 

conditions as in Example 1 over the silicon nitride. 

[0037] The electrical characteristics of transistors made with these films were good. 

[0038] This example demonstrates that the substrate temperature can be varied using varying process conditions, 
in this case the pressure, while holding the susceptor at a constant temperature. 

Example 3 

[0039] Silicon nitride and amorphous silicon were deposited following the procedure in Example 1 except that the 
susceptor temperature was changed from 358°C for the silicon nitride deposition to 410°C for the amorphous silicon 
deposition. This resulted in substrate deposition temperatures of 300°C and 330°C for the two films respectively. 



Silicon Nitride Deposition 


SiH 4 


1 1 0 seem 


NH 3 


550 seem 


Nitrogen 


3900 seem 


Power 


600 Watts 


Pressure 


106.6 pa (0.8 Torr) 


Spacing 


25.4 mm (1000 mils) 


Susceptor Temperature 


358°C 


Substrate Temperature 


300°C 
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Amorphous Silicon Deposition 


SiH 4 


275 seem 


H 2 


1 550 seem 


Power 


300 Watts 


Pressure 


160.0 pa (1.2Torr) 


Spacing 


25.4 mm (1000 mils) 


Susceptor Temperature 


410°C 


Substrate Temperature 


330° 



[0040] The silicon nitride and amorphous silicon films were judged to be of good quality and the electrical charac- 
teristics of transistors made with these films were judged to be good. 

[0041] In the above Example the susceptor temperature was changed while the glass was still in the chamber be- 
tween the silicon nitride and the amorphous silicon depositions. The rate of change of the susceptor temperature is 
between 3-5°C/min, so that a large change in temperature requires a lengthy period of time, approximately 1 5 minutes 
in this example. For small changes in the susceptor temperature, this procedure may be practical. 
[0042] The above Example also demonstrates that a reported restriction, that the substrate temperature must be 
reduced for each subsequent deposition, e.g., the substrate temperature for the amorphous silicon deposition must 
be lower than for the gate dielectric silicon nitride, or the substrate temperature for an etch stop silicon nitride, must 
be less than for the preceding amorphous silicon layer, was not a requirement of the present processes. This feature 
is a significant advantage over prior art processes. 



Example 4 

25 

[0043] In this Example three layers were deposited sequentially in the same reaction chamber at the same susceptor 
temperature; a gate dielectric silicon nitride layer about 50 nm (500 angstroms) thick; an amorphous silicon layer about 
50 nm (500 angstroms thick); and an etch stop silicon nitride layer about 300 nm (3000 angstroms) thick. The deposition 
conditions are summarized below: 

30 



Gate Dielectric Silicon Nitride 


SiH 4 


110 seem 


NH 3 


550 seem 


Nitrogen 


3900 seem 


Power 


600 Watts 


Pressure 


106.6 pa (O.STorr) 


Spacing 


25.4 mm (1000 mils) 


Susceptor Temperature 


337°C 


Substrate Temperature 


282°C 



Amorphous Silicon 


SiH 4 


275 seem 


Hydrogen 


1 550 seem 


Power 


300 Watts 


Pressure 


160.0 pa (1.2Torr) 


Spacing 


25.4 mm (1000 mils) 


Susceptor Temperature 


337°C 


Substrate Temperature 


280°C 



55 


Etch Stop Silicon Nitride 




SiH 4 


330 seem 
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(continued) 



Etch Stop Silicon Nitride 


NH 3 


1100 seem 


Nitrogen 


11,000 seem 


Power 


1500 Watts 


Pressure 


266.7 pa (2.0 Torr) 


Spacing 


38.1 mm (1500 mils) 


Susceptor Temperature 


337°C 


Substrate Temperature 


300°C 



[0044] The gate dielectric silicon nitride and amorphous silicon were good quality films. The etch stop silicon nitride 
is required to have film properties that are different than the gate dielectric silicon nitride, and thus it is not considered 
75 a high quality film by the standards discussed hereinabove. In particular, the etch stop silicon nitride has a high wet 
etch rate and a high concentration of Si-H bonds. The electrical characteristics of the transistors made with these films 
are good and comparable to transistors made with gate dielectric and amorphous silicon films deposited at higher 
temperatures than the etch stop silicon nitride. 

[0045] Thus in this Example we demonstrated that three layers of a transistor can be deposited in the same chamber 
20 and with the same susceptor temperature. The processes used herein were successful despite deviating from the 
restrictions reported by prior art workers, i.e., that sequential layers must be deposited at progressively lower substrate 
temperatures. 

[0046] The above-described CVD process can be utilized in systems known for multistep processing of semicon- 
ductor substrates, such as is disclosed by Maydan et al in US Patent 4,951,601 or in vacuum systems designed to 

25 deposit multiple layers onto large glass substrates for the manufacture of thin film transistors, as described in our 
European Patent Application entitled "VACUUM PROCESSING APPARATUS HAVING IMPROVED THROUGHPUT", 
filed 17th December 1993 reference 41312000 and our US Patent Application No. (Ref. AM 392) entitled "METHOD 
OF HEATING AND COOLING LARGE AREA GLASS PLATES AND APPARATUS THEREFOR". This vacuum system 
is described below with reference to Fig. 2. 

so [0047] Fig. 2 is a plan view of a vacuum system for deposition of multiple films onto large glass substrates. 

[0048] Referring now to Fig. 2, a deposition system 111 comprises a series of chambers for deposition of a plurality 
of thin films on large area glass substrates. Cassettes 1 1 2A, 1 1 2B, 1 1 2C and 1 1 2D contain a plurality of shelves mounted 
on an elevator assembly for the storage of large glass substrates thereon. A robot 114 is used to carry the glass 
substrates one at a time from the cassettes 112 into one of two combination cool and load lock chambers 116A and 

35 116B through a closable opening 117 to atmosphere. The system 100 also includes a heating chamber 118 to bring 
the glass substrates up to deposition temperatures. A series of four CVD chambers 120, 122, 124 and 126, together 
with the two cooling/load lock chambers 116 and the heating chamber 118 define between them a transfer chamber 
128. The cooling/load lock chambers 116A and 116B and the heating chamber 118 have cassettes mounted on an 
elevator assembly (not shown) that can be indexed vertically. The cassettes of these heating and cooling chambers 

*o 116A, 116B and 118 have conductive shelves therein for supporting the glass substrates while they are being heated 
or cooled. 

[0049] After the robot 114 transfers a glass substrate from a cassette 112 into the cassette of a cooling/load lock 
chamber 116A, the elevator assembly raises (or lowers) the cassette by the height of one shelf, when another glass 
substrate is transferred to the cooling chamber 116A by the robot 114. When all of the shelves in the cassette of the 

45 chamber 116A have been filled, the closable opening 117 is closed and the chamber 116A is evacuated. When the 
desired pressure is reached, a closable opening 131 adjacent the transfer chamber 128 is opened. A transfer robot 
(not shown) transfers all of the glass substrates from the cooling/load lock chamber 116A to a cassette in the heating 
chamber 118, where the glass substrates are heated to near deposition temperatures. The cassette in the heating 
chamber 1 1 8 and the cooling chamber 1 1 6A are raised or lowered after each transfer to present a different shelf to the 

50 transfer robot in the transfer chamber 1 28. 

[0050] When the glass substrates have reached deposition temperature, the transfer robot transfers the glass sub- 
strate to one or more of the CVD chambers 1 20, 1 22, 1 24 or 1 26 sequentially in a preselected order. For example, the 
multilayer thin films of the invention may be deposited in a first CVD chamber, and a doped amorphous silicon film 
deposited in a second CVD chamber, and the like. When all of the preselected depositions have been made, the 

55 transfer robot transfers the processed glass substrates back to the cassette of the cooling/load lock chamber 116A. 
The closable opening 131 is closed when all of the shelves in the cooling/load lock chamber 116A have been filled. 
Concurrently, the robot 1 1 4 is transferring another batch of glass substrates from a different cassette 1 1 2C to a cassette 
in the cooling/load lock chamber 116B and evacuating the chamber 116B when loading is complete. 
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[0051 ] When all of the processed glass substrates in the cooling/load lock chamber 1 1 6A have been cooled to below 
about 150°C, the chamber 11 6A is brought to ambient pressure, the closable opening 117 is opened and the robot 114 
unloads the now processed and cooled glass substrates back to a cassette 112. 

[0052] Thus the system 1 00 is built for continuous operation. The combination of batch heating and cooling of glass 
5 substrates, an operation that takes a relatively long period of time, e.g., several minutes, and single substrate CVD 
processing of thin films, which takes a comparatively short time, maximizes the throughput and efficiency of the system 
100. 

[0053] Although the invention has been described in accordance with certain embodiments and examples, the in- 
vention is not meant to be limited thereto. The CVD process herein can be carried out using other CVD chambers, 

10 adjusting the gas flow rates, pressure and temperature so as to obtain high quality films at practical deposition rates. 
Sequential thin films of silicon oxide, gate dielectric silicon nitride, etch stop silicon nitride, and amorphous silicon can 
be deposited in the same chamber by adjusting various deposition parameters as described above, and in various 
sequences depending on the transistor design to be made. For example, a silicon oxide layer can be deposited in the 
chamber of Example 1 using a silane flow rate of 300 seem, a nitrous oxide flow rate of 6000 seem, power of 500 Vtotts, 

is pressure of 266.7 pa (2 Torr) and a spacing of 37.1 mm (1462 mils) to give a deposition rate of 92.4 nm/min (924 
angstroms/min). Alternativety, one or more of the deposited films can be deposited in another chamber as in Fig. 1 . 
The invention is meant to be limited only by the scope of the appended claims. 



20 Claims 

1 . A method of making thin film transistors comprising the steps of: 

(i) depositing a gate dielectric layer over a patterned gate layer on a substrate (14); 

25 

(ii) depositing an amorphous silicon thin film thereover, 

wherein both deposition steps are performed in the same chemical vapour deposition chamber (10) having a close 
spacing between the gas inlet manifold (18) and the substrate (14), and wherein the substrate (14) temperature 
30 for each deposition step is from about 270 to 350°C and the pressure in the said chamber (1 0) for each deposition 

step is between about 106.6 to 266.7 pa (0.8 to 2.0 Torr). 

2. A method according to claim 1 , wherein the gate dielectric layer is a gate silicon nitride layer. 
35 3. A method according to claim 1 , wherein the gate dielectric layer is a gate silicon oxide layer. 

4. A method according to any one of claims 1 to 3, wherein the substrate (14) is glass. 

5. A method according to any one of claims 1 to 4, wherein the substrate (1 4) temperature for each deposition step 
40 is from about 300 to 350°C. 

6. A method according to any one of claims 1 to 5, wherein the substrate (14) is supported on a heatable susceptor 
(16) in the chemical vapour deposition chamber (10), the temperature of the susceptor (16) being the same for 
both deposition steps. 

45 

7. A method according to any one of claims 1 to 6, wherein the spacing between the gas inlet manifold (18) and the 
substrate (14) is the same for both deposition steps. 

8. A method according to claim 7, wherein the spacing between the gas inlet manifold (1 8) and the substrate (1 4) is 
50 about 25.4 mm. 

9. A chemical vapour deposition process comprising the following steps: 

(i) depositing a gate dielectric silicon nitride film from a precursor gas including silane and ammonia onto a 
55 substrate (14) at a temperature of from about 270 to 350°C and a pressure of between about 106.6 to 266.7 

pa (0.8 to 2.0 Torr) in a vacuum chamber (10) having a close spacing between the gas inlet manifold (18) and 
the substrate (14); and 
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(ii) sequentially depositing an amorphous silicon film from a precursor gas including silane thereover under 
similar reaction conditions in the same vacuum chamber (10). 

10. A deposition process according to claim 9, wherein the silicon nitride precursor gas also includes a carrier gas of 
nitrogen. 

11. A deposition process according to claim 9 or claim 10, wherein the amorphous silicon precursor gas includes a 
carrier gas of hydrogen. 

12. A deposition process according to any one of claims 9 to 11 , wherein an etch stop silicon nitride layer is deposited 
over the amorphous silicon layer in the same reaction chamber (10). 

13. A deposition process according to any one of claims 9 to 11 , wherein a silicon oxide layer is deposited over the 
amorphous silicon layer in the same reaction chamber (10). 

14. A deposition process according to any one of claims 9 to 11 , wherein a thin layer of n+doped amorphous silicon 
is deposited over the amorphous silicon layer in a separate chamber. 

15. A deposition process according to any one of claims 9 to 14, wherein the substrate (14) is glass. 

16. A deposition process according to any one of claims 9 to 15, wherein the substrate (14) temperature for each 
deposition step (i) and (ii) is in the range of from about 300 to 350°C. 

17. A deposition process according to any one of claims 9 to 16, wherein the substrate (14) is supported on a heatable 
susceptor (16) in the reaction chamber (10), the temperature of the susceptor (16) being the same for both dep- 
osition steps (i) and (ii). 

18. A deposition process according to any one of claims 9 to 17, wherein the spacing between the gas inlet manifold 
(18) and the substrate (14) is the same for both deposition steps (i) and (ii). 

19. A deposition process according to claim 18, wherein the spacing between the gas inlet manifold (18) and the 
substrate (14) is about 25.4 mm. 

Patentanspruche 

1. Verfahren zum Herstellen von Dunnfilmtransistoren mit den folgenden Schritten: 

(i) Abscheiden einer Gate-Dielektrik-Schicht uber einer gemusterten Gateschicht auf einem Substrat (14), 

(ii) Abscheiden eines amorphen Silizium-Dunnfilms daruber, 

wobei beide Abscheidungsschritte in der gleichen chemischen Dampfabscheidungskammer (10) durchge- 
fuhrt werden, wobei ein geringer Abstand zwischen dem Gas-EinlaBverteiler (18) und dem Substrat (14) besteht 
und wobei die Temperatur des Substrats (14) fur jeden Abscheidungsschritt zwischen ungefahr 270 und 350°C 
liegt und der Druck in der Kammer (10) bei jedem Abscheidungsschritt zwischen ungefahr 106,6 und 266,7 Pa 
(0,8 und 2,0 Torr) ist. 

2. Verfahren nach Anspruch 1 , bei dem die Gate-Dielektrik-Schicht eine Gate-Silizium-Nitrid-Schicht ist. 

3. Verfahren nach Anspruch 1, bei dem die Gate-Dielektrik-Schicht eine Gate-Silizium-Oxid-Schicht ist. 

4. Verfahren nach einem der Anspruche 1 bis 3, bei dem das Substrat (14) Glas ist. 

5. Verfahren nach einem der Anspruche 1 bis 4, bei dem die Temperatur des Substrats (1 4) bei jedem Abscheidungs- 
schritt zwischen ungefahr 300 und 350°C ist. 

6. Verfahren nach einem der Anspruche 1 bis 5, bei dem das Substrat (14) auf einem heizbaren Halter (16) in der 
chemischen Dampfabscheidungskammer (10) gehalten wird, wobei die Temperatur des Halters (16) fur beide 
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Abscheidungsschritte die gleiche ist. 

7. Verfahren nach einem der Anspruche 1 bis 6, bei dem der Abstand zwischen dem Gas-EinlaBverteiler (18) und 
dem Substrat (14) fur beide Abscheidungsschritte der gleiche ist. 

8. Verfahren nach Anspruch 7, bei dem der Abstand zwischen dem Gas-EinlaBverteiler (18) und dem Substrat (14) 
ungefahr 25,4 mm ist. 

9. Verfahren zur chemischen Dampfabscheidung mit den folgenden Schritten: 



(i) Abscheiden eines Gate-Dielektrik-Silizium-Nrtrid-Films von einem Vorproduktgas, das Silan und Ammoniak 
enthalt, auf ein Substrat (14) mit einer Temperatur von zwischen ungefahr 270 und 350°C und einem Druck 
von zwischen ungefahr 106,6 und 266,7 Pa (0,8 und 2,0 Torr) in einer Vakuumkammer (10) mit einem kleinen 
Abstand zwischen dem Gas-EinlaBverteiler (18) und dem Substrat (14), und 
is (ii) nacheinander daruber Abscheiden eines amorphen Siliziumfilms aus einem Vorproduktgas, das Silan ent- 

halt, unter ahnlichen Reaktionsbedingungen in der gleichen vakuumkammer (10). 

10. Abscheidungsverfahren nach Anspruch 9, bei dem das Silizium-Nitrid- Vorproduktgas auch Stickstoff als Tragergas 
enthalt 

20 

11. Abscheidungsverfahren nach Anspruch 9 oder 10, bei dem das amorphe Silizium-Vorproduktgas Wasserstoff als 
Tragergas enthalt. 

12. Abscheidungsverfahren nach einem der Anspruche 9 bis 11, bei dem eine Atz-Stop-Silizium-Nitrid-Schicht uber 
25 der amorphen Silizium-Schicht in der gleichen Reaktionskammer (10) abgeschieden wird. 

13. Abscheidungsverfahren nach einem der Anspruche 9 bis 11, bei dem eine Silizium-Oxid-Schicht uber der amor- 
phen Silizium-Schicht in der gleichen Reaktionskammer (10) abgeschieden wird. 

30 14. Abscheidungsverfahren nach einem der Anspruche 9 bis 11 , bei dem eine dOnne Schicht aus n+-dotiertem amor- 
phem Silizium uber der amorphen Siliziumschicht in einer getrennten Kammer abgeschieden wird. 

15. Abscheidungsverfahren nach einem der Anspruche 9 bis 14, bei dem das Substrat (14) Glas ist. 

35 16. Abscheidungsverfahren nach einem der AnsprOche 9 bis 15, bei dem die Temperatur des Substrats (14) fur jeden 
Abscheidungsschritt (i) und (ii) im Bereich zwischen ungefahr 300 und 350°C liegt. 

17. Abscheidungsverfahren nach einem der Anspruche 9 bis 1 6, bei dem das Substrat (14) auf einem heizbaren Halter 
(16) in der Reaktionskammer (10) gehalten wird, wobei die Temperatur des Halters (16) fur beide Abscheidungs- 

40 schritte (i) und (ii) die gleiche ist. 

18. Abscheidungsverfahren nach einem der Anspruche 9 bis 17, bei dem der Abstand zwischen dem Gas-EinlaBver- 
teiler (18) und dem Substrat (14) fur beide Abscheidungsschritte der gleiche ist. 

45 19. Abscheidungsverfahren nach Anspruch 18, bei dem der Abstand zwischen dem Gas-EinlaBverteiler (18) und dem 
Substrat (14) ungefahr 25,4 mm ist. 



Revendications 

1 . Procede de fabrication de transistors a film mince comprenant les etapes consistant a : 

(i) deposer une couche dielectrique de grille sur une couche de grille portant des motifs sur un substrat (14) ; 

(ii) deposer un film mince de silicium amorphe sur celle-ci, 

dans lequel les deux etapes de depot sont effectuees dans la meme chambre de depot chimique en phase vapeur 
(10) ayant une faible distance entre le collecteur d'entree des gaz (18) et le substrat (14), et dans lequel la tem- 
perature du substrat pour chaque etape de depot est d'environ 270 a 350 °C et la pression dans cette chambre 
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(10) pour chaque etape de depot est comprise entre environ 106,6 et 266,7 Pa (0,8 a 2,0 torrs). 

2. Procede selon la revendication 1 ( dans lequel la couche dielectrique de grille est une couche de nitrure de silicium 
de grille. 

3. Procede selon la revendication 1 , dans lequel la couche dielectrique de grille est une couche d'oxyde de silicium 
de grille. 

4. Precede selon I'une quelconque des revendications 1 a 3, dans lequel le substrat (14) est du verre. 

5. Procede selon I'une quelconque des revendications 1 a 4, dans lequel la temperature du substrat (14) pour chaque 
etape de depot est d'environ 300 a 350 °C. 

6. Procede selon I'une quelconque des revendications 1 a 5, dans lequel le substrat (14) est port6 par un suscepteur 
is (16) chauffable dans la chambrede depot chimique en phase vapeur (10), la temperature du suscepteur (16) etant 

la meme pour les deux etapes de depot. 

7. Procede selon I'une quelconque des revendications 1 a 6, dans lequel la distance entre le collecteur d'entree des 
gaz (18) et le substrat (14) est la meme pour les deux etapes de depot. 

20 

8. Procede selon la revendication 7, dans lequel la distance entre le collecteur d'entree des gaz (18) et le substrat 
(14) est d'environ 254 mm. 

9. Procede de dep6t chimique en phase vapeur comprenant les etapes suivantes : 

25 

(i) deposer un film de nitrure de silicium dielectrique de grille a partir d'un gaz precurseur contenant du silane 
et de I'ammoniac sur un substrat (14) a une temperature d'environ 270 a 350 °C et sous une pression comprise 
entre environ 106,6 et 266,7 Pa (0,8 a 2,0 torrs) dans une chambre a vide (10) ayant une faible distance entre 
le collecteur d'entree des gaz (18) et le substrat (14) ; et 
30 (ii) deposer successivement sur celui-ci un film de silicium amorphe a partir d'un gaz precurseur contenant 

un silane dans des conditions reactionnelles similaires dans la meme chambre a vide (10). 

10. Procede de depot selon la revendication 9, dans lequel le gaz precurseur de nitrure de silicium contient egalement 
de I'azote com me gaz vecteur. 

35 

11. Procede de d6pdt selon la revendication 9 ou la revendication 10, dans lequel le gaz precurseur de silicium amor- 
phe contient de Thydrogene comme gaz vecteur 

12. Procede de depot selon Tune quelconque des revendications 9 a 11 , dans lequel une couche d'arret de I'attaque 
40 en nitrure de silicium est deposee sur la couche de silicium amorphe dans la meme chambre de reaction (10). 

13. Proced6 de dep6t selon I'une quelconque des revendications 9 a 11 , dans lequel une couche d'oxyde de silicium 
est deposee sur la couche de silicium amorphe dans la meme chambre de reaction (10). 

45 14. Procede de depot selon I'une quelconque des revendications 9 a 11, dans lequel une couche mince de silicium 
amorphe dope par une impurete du type n+ est deposee sur la couche de silicium amorphe dans une chambre 
separee. 
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15. Procede de depot selon I'une quelconque des revendications 9 a 14, dans lequel le substrat (14) est en verre. 

16. Procede de depot selon I'une quelconque des revendications 9 a 15, dans lequel la temperature du substrat (14) 
pour chacune des etapes de depot (i) et (ii) est dans I'intervalle d'environ 300 a 350 °C. 

17. Procede de depot selon I'une quelconque des revendications 9 a 16, dans lequel le substrat (14) est supporte sur 
un suscepteur chauffable (16) dans la chambre de reaction (10), la temperature du suscepteur (16) etant la meme 
pour chacune des deux etapes de depot (i) et (ii). 

18. Procede de depot selon Tune quelconque des revendications 9 a 17, dans lequel la distance entre le collecteur 
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d'entree des gaz (18) et te substrat (14) est la mdme pour chacune des deux 6tapes de depot (i) et (ii). 

19. Proc6de de depol selon la revendication 18, dans lequel la distance entre le collecteur d'entree des gaz (18) et le 
substrat (14) est d'environ 254 mm. 
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